The Micro Imaging Technology (MIT) 1000 Rapid Microbial Identification (RMID) System is a device that uses the principles of light scattering coupled with proprietary algorithms to identify bacteria after being cultured and placed in a vial of filtered water. This specific method is for pure culture identification of Listeria spp. A total of 81 microorganisms (55 isolates) were tested by the MIT 1000 System, of which 25 were Listeria spp. and 30 a variety of other bacterial species. In addition, a total of 406 tests over seven different ruggedness parameters were tested by the MIT 1000 System to determine its flexibility to the specifications stated in the MIT 1000 System User Guide in areas where they might be deviated by a user to shorten the test cycle. Overall, MIT concluded that the MIT 1000 System had an accuracy performance that should certify this Performance Test Method for the identification of Listeria spp. This report discusses the tests performed, results achieved, and conclusions, along with several reference documents to enable a higher understanding of the technology used by the MIT 1000 System.
Introduction

Principle
The Micro Imaging Technology (MIT) 1000 Rapid Microbial Identification (RMID) System is a laser-based, rapid microbial identification system capable of identifying bacteria from a pure culture. The device uses the principles of light scattering (1-3) to discriminate various bacteria cells that are suspended in filtered water. Incident laser light both reflects off a bacterium's outer surface and penetrates the body of the bacterium; the light interacts with any structural features and eventually emerges from inside the cell. These light patterns are unique for each species and thereby create a signature that is captured and stored in a computer database. No reagents or other chemicals are used in the process.
The optical platform of the MIT 1000 RMID System consists of five concentric arcs of photodetectors, which are located at various positions along the arcs. Each detector is oriented to view through the arcs at the center-of-curvature of the arcs. A red, solid-state laser provides the incident light beam, which also passes through the same center-of-curvature. Although multiple particles can pass through the laser beam at any position along the beam path, the detectors will only see and measure those particles passing through the laser beam near the center-of-curvature of the arcs. The RMID Sample Vial is a round-bottom flask that is filled with filtered water plus the test bacteria suspension. It is positioned so that the center of the round bottom is placed at the center-of-curvature of the arcs.
The photodetectors of the MIT 1000 RMID System surround the RMID Sample Vial and collect light-scattering intensities that are generated when a bacterium cell passes through the laser beam. The scattering values collected by the detectors are statistically analyzed by MIT's proprietary software, which refers to an Organism Library of values for Listeria species seen by the photodetectors. Identification occurs when 10-50 cells are analyzed and takes less than 10 min. The MIT 1000 System will identify the isolate as Listeria spp. if it is a Listeria species or state it as UNKNOWN, if it is not.
General Information
The MIT 1000 System was tested for its accuracy in identifying Listeria spp. Twenty-five different isolates of Listeria spp. (inclusive) were tested for correct identification and 30 other bacteria (exclusive) were tested with the MIT 1000 System to ensure that these bacteria were not identified as Listeria spp.
Summary of Results
The test protocol required a total of 81 blind tests: 55 were performed by the MIT laboratory and 26 by the U.S. Department of Agriculture, Agricultural Research Service (USDA ARS) laboratory. Eighty of 81 tests were correctly identified, yielding a score of 99%. The sole error was that one strain of L. seeligeri was not identified as Listeria spp. Further details are discussed in Section 5.1. 
Materials and Method
Test Kit Information
Standard Reference Materials
American Type Culture Collection (ATCC), located in Manassas, VA, authenticates microorganisms and cell lines, and manages logistics of long-term preservation and distribution of cultures for the scientific community. ATCC was the source for most of the bacteria used in this study.
NRRL is the culture collection organization of the USDA ARS. The collection is housed within the Microbial Genomics and Bioprocessing Research Unit at the National Center for Agricultural Utilization Research in Peoria, IL.
Test Method Description Summary
The test method is described briefly in the Listeria spp. Organism Library License and in detail in Chapters 7 and 8 of the MIT 1000 System User Guide (see www.micro-imaging. com/solutions.shtml). In general, the user prepares and performs an identification (ID) test as follows: A pure culture of the isolate to be tested is prepared using standard laboratory procedures. With the use of a sterile loop, a single colony is removed from the Petri dish and placed in a microcentrifuge tube that contains 0.1 mm filtered water. The suspension is mixed on a vortex mixer for at least 30 s to separate the colony into individual cells and dissolve any agar that may have been collected with the colony. A small portion of this suspension is then pipetted and inoculated into an RMID Sample Vial that contains 0.1 mm filtered water. The vial is covered with parafilm to secure the contents; and the RMID Sample Vial is inverted only once to mix the cells with the water. The top lid of the MIT 1000 System is removed and the RMID Sample Vial placed into the test socket in the MIT 1000 System. This spot is in the direct path of a laser light beam.
The top lid is placed back onto the system, and the user then views the system's computer Graphic User Interface, and with the computer mouse, clicks the IDENTIFY button to start the identification process. A dialog box pop-up enables entry of pertinent information (i.e., date, time, user name, etc.) regarding the test. Upon completing the entry, the user clicks OK on the dialog box. The dialog box closes and the ID process starts.
The system analyzes the isolate and, after approximately 2-5 min, identifies it as Listeria spp. if the isolate is a Listeria species, or states it as UNKNOWN if it is not. The user removes the RMID Sample Vial after completion of the ID test and disposes of its contents using standard laboratory procedures. The user is not required to make any decisions regarding the outcome of the test, and no further analysis is needed. The user may then print a test report showing all the pertinent information plus the test results.
Analysis
No analysis of the results is required when the MIT 1000 System is used. The system's algorithms (MIT 1000 RMID software) perform the analysis and provide the test results.
Interpretation and Test Result Report
The MIT 1000 RMID software analyzes the isolate and provides a test report. No interpretation of the result is required by the user. 
Summary of Results
A total of 81 blind qualitative microbial identification performance tests were done in accordance with the test protocol found in Section 3.5. Fifty-five were performed at the MIT laboratory and 26 at the USDA ARS (independent laboratory). One false positive and no false negatives were recorded, resulting in 80 of 81 tests being correctly identified for a total score of 99%.
Blind Test Accuracy Results
A total of 81 blind qualitative microbial identification performance tests were done in accordance with the AOAC Research Institute Performance Tested Method (RI PTM) test protocol. The results yielded one false positive and no false negatives. The only misidentified organism was L. seeligeri (CDC F4880) in a test performed by the USDA ARS. This same isolate was correctly identified in the MIT laboratory as part of its PTM testing. Detailed test results for both the inclusivity (Listeria spp.) and exclusivity evaluations are shown in Tables 1 and 2 .
Ruggedness Test
A ruggedness test was performed comprising seven different operating parameters ( Purpose.-The purpose of this test was to determine the suitability of typical available water types other than the 0.1 mm water that is specified in the User Guide. Through its research, the company has found that water with excessive foreign particulates will either prevent an ID or yield an incorrect ID and that usage of 0.1 mm filtered water produces the most accurate and repeatable performance. Because this test is strictly for determining suitable water, no bacteria were used.
Description.-The alternative waters tested included California tap water, reverse osmosis drinking water, purchased cell culture 0.1 mm filtered water, and purchased purified drinking water. A total of 24 tests (four water types, two systems, three iterations) were done on each of the alternate types plus 24 baseline tests with the User Guide-specified 0.1 mm filtered water.
Results.-All 24 baseline tests passed the MIT 1000 Water Test, which measures the suitability of the water for use in ID tests. Only the cell culture 0.1 mm filtered water produced acceptable results, with all six tests passing. The other three water types failed all six tests (Table 4) .
Conclusions.-The MIT 1000 requires 0.1 mm filtered water to operate properly, whether it be purchased cell culture water or obtained from a system that can deliver 0.1 mm filtered water.
( Purpose.-The purpose of this test was to determine the sensitivity of the microcentrifuge tube fill level versus the ability to produce an RMID Sample Vial that is successfully tested by the MIT 1000 RMID System without producing concentration termination conditions (see MIT 1000 User Guide: Chapter 8, Identification Test Gauges and Indicators.)
Description.-Seventy-two ruggedness ID tests (four bacteria, three deviations, two systems, three iterations) were conducted with fill levels of 0.1, 0.4, and 0.6 mL. This was compared to 18 ID tests with the User Guide-specified fill level of 0.2 mL. A total of 90 ID tests were performed.
Results.-With the exception of B. subtillus, perfect 18/18 scores were received for each volume deviation and for each bacterium. B. subtillus testing scored 16/18 correct with two incorrect identification tests for the 0.4 mL volume (Table 5) .
Conclusions.-Precise control of the microcentrifuge suspension volume is not necessary to obtain accurate identification results from the MIT 1000 System. Description.-Seventy-two ruggedness ID tests were conducted (four bacteria, three time deviations, two systems, three repetitions), along with 18 tests at the User Guide specification of 30 s.
Results.-The User Guide (30 s) ID testing yielded a perfect 18/18 score for all four bacteria. L. monocytogenes scored perfect (6/6) results for all deviations. B. subtillus scored perfect results for 10 and 20 s deviations, but missed 1/6 at the 5 s deviation. Both L. seeligeri and P. aeruginosa scored poorly (0/6) at the 5 s level. Both of these bacteria scored well at 20 s (6/6 for L. seeligeri and 5/6 for P. aeruginosa), but faltered at the 20 s deviation 2/6 for L. seeligeri and 3/6 for P. aeruginosa (Table 6) . Tap water 6 0
Reverse osmosis drinking water 6 0
Purchased cell cultured 0.1 mm filtered water 6 6
Purchased purified drinking water 6 0 Purpose.-The purpose of this test was to determine if the MIT 1000 can achieve accurate ID with agar medium other than TSA with 5% sheep blood that is specified in the User Guide. The agars tested were MacConkey, Standard Method Agar (SMA), Brain Heart Infusion (BHI), and TSA.
Description.-A total of 96 ruggedness ID tests (four bacteria, four different agars, two systems, three iterations) were planned, but only 78 could be performed, as three of the four bacteria would not grow in the MacConkey agar. Eighteen tests were done with the User Guide-specified agar.
Results.-The User Guide-specified agar scored a perfect (18/18) ID test score. Of the alternative agars, BHI scored a perfect (6/6) for all four bacteria tested. TSA produced perfect (6/6) results each for L. seeligeri and L. monocytogenes, 4/6 correct for P. aeruginosa, and 5/6 correct for B. subtillus. SMA was perfect (6/6) for L. monocytogenes and B. subtillus, 5/6 for L. seeligeri, and 3/6 for P. aeruginosa (Table 7) .
Conclusions.-BHI is a valid agar substitute from the MIT-specified TSA with 5% sheep blood.
(5.2.5) Test No. 5.-RMID sample dwell time variations.
Purpose.-The purpose of this test was to determine the system's sensitivity to sample suspension dwell times in the RMID Sample Vial prior to performing an ID test.
Description.-A total of 96 ruggedness ID tests at deviations of 2, 4, 8, and 48 h (four bacteria, four deviations, two systems, three iterations) were performed, in addition to 18 tests of the User Guide-specified 1 h or less.
Results.-A perfect 18/18 score was recorded for the User Guide-specified 1 h test for all bacteria. L. seeligeri also scored perfectly (6/6) for all four deviations. B. subtillus scored perfectly for 8 and 48 h deviations and 5/6 for 2 and 4 h deviations. P. aeruginosa never scored above 3/6 on any of the deviations, and L. monocytogenes had scores as low as 4/6 on two deviations (Table 8) .
Conclusions.-All identification testing should be done within 1 h after preparing the suspension to ensure accurate results.
(5.2.6) Test No. 6.-RMID Sample Vial water storage variations.
Purpose.-The purpose of this test was to determine if storing filtered water in the RMID Vial prior to inoculation will generate growth or collect particles that could cause the water to be unsuitable for an ID test. No bacteria were used in this test.
Description.-A water test (described in Chapter 6 in the MIT 1000 User Guide) was conducted to determine if, after a period, the water fails the water test. MIT's User Guide specifies a dwell time of no more than 1 h. Storage times of 0, 1 (user spec.), 2, 4, 8, and 24 h were tested in six different vials on two systems, for a total of 36 tests.
Results.-The results showed that in 5/6 vials, the water remained suitable for usage in all time increments tested. One vial passed at 0 h but failed the rest of the time increments (Table 9) .
Conclusions.-The results indicate that the RMID Sample Vial water has a better than 80% chance of being suitable for an ID test from more than 1 to 24 h of storage. Description.-The MIT User Guide specifies one inversion of the RMID Sample Vial just prior to conducting an ID test. Deviations of zero and five inversions plus a vigorous shake were conducted on two systems and repeated three times for each of the four bacteria, resulting in a total of 72 ruggedness ID tests. With the exception of the zero inversions test, a single inversion was first done for each test as the baseline control. This generated 18 ID tests. Each of these vials was then either vigorously shaken or inverted five times. A total of 99 ID tests were performed.
Results.-The results showed that the recommended one inversion spec resulted in a perfect 18/18 score. None of these tests were automatically aborted indicating that a low or high concentration situation did not exist. When these same vials were either vigorously shaken or inverted five times, 18/48 tests were aborted, indicating that particles were introduced from the parafilm or lip of the RMID Vial. Of the remaining 30 tests, 26 tests were correctly identified. On the test with zero inversions, 15/24 tests were aborted, indicating that there was not enough movement in the suspension to cause particles to pass through the laser beam in the allotted test time. Of the nine ID tests that were conducted, all were identified correctly (Table 10) .
Conclusions.-The test results are in line with the company's expectations, given the following facts: (1) Parafilm will always have a variable amount of particulates on it that will dislodge with continued water contact and thereby create a high concentration condition. This was confirmed via discussion with the Parafilm M manufacturer. (2) Our R&D has shown that vigorous agitation RICARDI ET AL.: JOURNAL OF AOAC INTERNATIONAL VOL. 93, NO. 1, 2010 257 
